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1
AUTO SELF TEST OF AC MOTOR SYSTEM

This Application is a continuation-in-part of U.S.
patent application Ser. No. 07/630,681 filed Dec. 20,
1990 and assigned to the assignee of the present inven-
tion, now U.S. Pat. No. 5,266,891.

BACKGROUND OF THE INVENTION

This invention relates generally to an apparatus and
method for testing AC motor power systems and, more
particularly, to an apparatus and method for nonde-
structive in-circuit testing for short-circuit conditions in
an inverter power circuit.

It is common in AC electric motor drive systems to
employ power inverter systems to furnish electric
power from a DC source to an AC motor. These in-
verter systems are of various types, but are often com-
prised of gate turn-off thyristors (GTO) mn a bridge
arrangement. The GTOs in the bridge are selectively
gated to control the electrical power supplied to the
motor by converting DC power from the DC source
into AC power which drives the motor. Typically, two
GTOs are connected in a series arrangement in what is
commonly referred to as a “leg” between relatively
positive and relatively negative busses of the DC
source. A common converter of this type is a three-
phase converter having three legs connected in mutual
parallel between the positive and negative DC source
busses. The GTOs of each of the legs are rendered
conductive in a predetermined order or sequence In
order to control the electrical power delivered from the

DC busses to the AC motor.

The above described motor systems require regular
maintenance to avoid or detect a variety of common
failure modes. For example, 1f both GTOs of a leg were
to become conductive simultaneously, there would exist

a-short between the DC source busses which, if allowed
to continue, could result in great damage to the motor,

power source, and/or to the GTOs. In addition, fatlure
of various components and segments of the system such
as the feedback circuits, drive circuiis, and the motor
load itself can occur. In prior art, expensive and time
consuming manual off-line testing has been necessary to
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detect many errors at an early enough stage to ensure 45

proper operation. In order to enhance maintenance of
such systems, it would accordingly be highly desirable
to provide an auto self test capability and, in particular,
to provide a test capability to identify short-circuit con-
ditions prior to initiating operation of an inverter.

The above as well as other desirable features are
achieved in accordance with the present invention by
testing a power inverter prior to enabling mverter oper-
ation. In an illustrative form, the power inverter has a
plurality of legs having first and second series con-
nected controllable switching devices, such as GTOs,
connected between positive and negative DC voltage
busses. The testing method includes measuring the volt-
age intermediate the switching devices prior to enabling
the devices into conduction. The measured voltage is
then compared to the voltage at each of the voltage
busses. If the measured voltage 1s substantially equal to
either one of the bus voltages, one of the devices is
short-circuited and the system is inhibited from initiat-
ing operation of the inverter.

In a preferred form, the voltage intermediate the
switching devices 1s measured a preselected time period
after power is-applied to the voltage busses, the time
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2

period being selected to be sufficiently long to allow the
voltage to settle and sufficiently short to prevent the

voltage from discharging through the load or the mea-
suring device.

SUMMARY OF THE INVENTION

In an illustrative form, the present invention com-
prises a method for testing a power inverter in which
the power inverter has at least one leg connected be-
tween relatively positive and relatively negative volt-
age busses. Each inverter leg has a first and a-second
series connected controllable switching device and each
device has a parallel connected capacitor. The method
comprises the steps of sampling voltage at a junction
intermediate the switching devices; comparing the sam-
pled voltage to a voltages present on the voltage busses:
and generating an indication of device failure in re-
sponse to a substantial equality between the sampled
voltage and the voltage of either voltage bus. The step
of sampling voltage may include measuring the voltage
mn a period of time substantially less than a discharge
time of the capacitors when discharging through a load
coupled to the inverter. For a load comprising a three-
phase motor, the inverter includes at least three legs and
the step of sampling includes the steps of sampling volt-
age 1n each leg for comparison to each bus voltage.

In one 1mplementation, the invention is shown in
combination with a power inverter system including an
inverter having at least three legs for providing three
phases of output power with each leg including a pair of
controllable switching devices serially coupled between
relatively positive and relatively negative voltage bus-
ses. Each switching device is coupled in parallel with a
corresponding capacitor and each capacitor has a sub-
stantially identical capacitance. A junction intermediate
each serially connected pair of switching devices is
coupled to a respective power input terminal of a three
phase AC electric traction motor. A controller is opera-
tively coupled to the inverter for providing signals for
selectively switching the switching devices between
conductive and non-conductive states. A voltage sensor
1s coupled to each of the power input terminals for
determining the voltage at each of the terminals prior to
providing the switching signals. The voltage sensor is
electrically coupled to the controller and the controller
1s responsive to the voltage sensor for inhibiting starting
of the switching signals when the sensed voltage is
substantially equal to either of the voltages of the posi-
tive and negative voltage busses.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention, together with further objects and
advantages thereof may be understood by reference to
the following description taken in conjunction with the
accompanying drawings in which:

FIG. 11s a generalized block diagram illustrating an
AC motor drive system;

FIG. 2 1s a detailed block diagram of the power in-
verter circuit shown in FIG. 1;

FI1G. 3 1s a detailed block diagram of the control logic
shown in FIG. 1;

F1GS. 4A and 4B are diagrammatic illustrations of
the mverter circuit operation and time dependant plots
of voltage and current during one form of auto self test;

FIGS. S5A to 5D are detailed flow diagrams illustrat-

ing the methodology and structural flow of a specific
embodiment of an auto test routine;
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FIG. 6 are time dependent plots of voltage in the
inverter at initial power on.

DETAILED DESCRIPTION

FI1G. 11s a block diagram of a specific embodiment of 5

a three-phase, voltage source inverter driven motor
system 10 with which the present invention may be
used-. System 10 is illustrated as including a three-phase
AC motor 12 driven by a three-phase voltage source
inverter 14 supplied by a DC power source 16. Al-
though it will be recognized that the invention is appli-
cable to a wide range of power converter-load configu-
rations, for example, single phase converter and single
phase motor; multiple motors in parallel driven by a
single converter; transformer loads; and other inductive
or resistive loads. Coupled to the inverter 14 1s a gate
driver module 18 which is controlled by a control logic
circuit 20. In operation, the inverter 14 converts the DC
power from DC source 16 into a three-phase excitation
voltage for application to respective phase windings A,
B and C of motor 12 in response to gate drive signals
from gate driver module 18. The gate driver module 18
controls the switching of the inverter switching devices
(i.e., GTOs) in the inverter 14 and is in turn controlled
by the control logic circuit 20 via an optical control link
19. In addition, feedback status signals from the GTO
devices of the inverter 14 are coupled back to the gate
driver module 18 and to the control logic circuit 20 via
the optical link 19. Additional signals from current and
voltage sensors of the inverter 14 are coupled to the
control logic circuit 20 via a bus 21, as shown. The
control logic circuit 20 uses the feedback values from
the optical link 19 and the sensed current and voltage
values via the bus 21 to perform the auto self test
method in accordance with the invention. In a typical
application, such as a commuter rail car, the inverter 14
may be configured to drive two motors in parallel and
a single control circuit may control a total of four mo-
tors.

Referring now to FIG. 2, there is shown a detailed
schematic diagram of a three-phase inverter 14 inciud-
ing gate driver circuits 18a, 185, and 18¢ incorporating
the teaching of the present invention. Such gate driver
circuits 18 are described in detail in a co-pending patent
application entitled “Gate Turn-off Thyristor Control
Circuit with Shorted Gate Detector” filed by R. B.
Bailey and H. J. Brown on Sep. 18, 1990 bearing Ser.
No. 07/584,541 and assigned to GGeneral Electric Com-
pany which is hereby incorporated by reference. The
inverter 14 comprises a first leg 25 (phase A) with an
upper GTO 32 and a lower GTO 34 arranged in series
with the anode of the Upper GTO 32 coupled to the
positive DC source bus 33 and the cathode of the lower
GTO 34 coupled to the negative DC source bus 35. The
GTOs 32, 34 may typically be mounted on a heat sink
with a temperature sensing thermal resistor (not shown)
mounted thereon to detect overheating.

For each GTO 32. 34, there is a respective anti-paral-
lel-diode 36, 38 connected from anode to cathode to
provide a return path for inductive load currents. An
upper inductor (L1) 40 (e.g, 5 ph) and lower inductor
(L.2) 42 are coupled in series with the GTOs 32, 34. Also
in series with the inductors L1, .2 are an upper current
measurement circuit 44 (e.g., a Model LT1000-F1/SP45
Manufactured by LEM of Switzerland) and a lower
current measurement circuit 46 which are connected at
a Phase A node 48, as shown. The node 48 is coupled to
one phase (phase A) of the three-phase motor (or mo-
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tors) 12 and, as shown, to a conventional high impe-
dance voltage measurement circuit 50. The current
measurement circuits 44, 46 thus generate current mea-
surement signals IAP and IAN to be coupled to the
control logic circuit 20 via bus 21. The current measure-
ment circuits may alternately be implemented with a
single current measurement circuit 45 coupled in series
between the node 48 and the motor phase A. The volt-
age measurement circuit 50 generates a voltage mea-
surement signal V,,; which is coupled to the control
logic circuit 20.

A snubber circuit 1s also coupled to the phase A leg
25 and comprises a capacitor 52 and diode 54 coupled
across the GTO 32 and a capacitor 60 (e.g., 3 uf) and
diode 58 coupled across the GTO 34, as shown. A resis-
tor 56 (e.g., 0.25 ohms) provides a discharge path for the
snubber capacitors 52, 60. Conventional high impe-
dance voltage measurement circuits 62, 64 are coupled
respectively to the positive DC voltage source bus 33
and negative DC voltage source bus 35 to provide a
positive voltage source measurement signal VDCP and
a negative voltage source measurement signal VDCN.

‘The gate driver circuit 18a comprises an upper gate
driver 70 and a lower gate driver 72, each of which is
coupled to the gate and cathode of the respective GTO
32, -34, as shown. The gate drivers 70, 72 provide drive
signals to the gates of the GTOs 32, 34 to turn them on
and off at the proper time. The gate drivers 70, 72 also
detect whether the GTO actually did turn on or off in
response to the signal (i.e., gate status feedback). In
addition, each gate driver 70, 72 is coupled to the con-
trol logic circuit 20 via conventional optical couplers to
permit Input of gate command signals (PMA1S,
PMA2S) from the control logic circuit 20 on respective
input channels 76, and to send gate status feedback
signals (PMAI1R, PMA2R), indicating whether the
GTO 1s turned on or off, back to the control logic cir-
cuit 20 on respective transmit channels 78, 80.

The inverter power circuit 14 of FIG. 2 further com-
prises two additional legs 27, 29 (i.e., phase B, phase C),
which are substantially identical to phase A leg 25, as
shown. The phase B leg 27 is connected to the AC
motor phase B and the phase C leg 29 is connected to
the AC motor phase C while the input and output opti-
cal lines and measurement signals are coupled to the
control logic circuit 20 as described with regard to the
phase A leg 25.

FIG. 3 1s a detailed block diagram of the control logic
circuit 20 of FIG. 1, and comprises three main blocks:
an mput module 98, a processor module 100 and an
output module 102. A detailed description of such a
control logic circuit is provided in co-pending applica-
tion entitled “Inverter Control Method-and Apparatus”
filed by A. K. Kumar and T. D. Stitt on Nov. 27, 1990
bearing Ser. No. 07/618,787 and assigned to General
Electric Company, which is hereby incorporated by
reference. The input module comprises a conventional
summing circuit 104 for phase A, a conventional sum-
ming circuit 106 for phase B, and an optional conven-
tional summing circuit 108 for Phase C, each of which
combines the respective upper and lower current mea-
surement values to obtain a motor phase current value
for the corresponding phase (i.e., IMTRA, IMTRB,
IMTRC). Since IMTRC can be derived as the sum of
the currents of phases A and B, summing circuit 108 is
optional. In addition, if the optional single current mea-
surement circuit 45 in the inverter 14 of FIG. 2 is used
for each phase, no summing circuits are needed. In each



J,363,039

S

case, the motor phase current value is coupled from the
input module 98 to analog to digital (A/D) converters
110, 112 (e.g., high speed, 10 bit A/D converter such as
model ADC856 manufactured and marketed by Datel
of Mansfield, Mass.) and optionally, to an A/D con-
verter 114 in the output module 102. The A/D convert-
ers 110, 112, 114 convert the motor phase current values
to digital form and couple them through a standard cell
116 (such as that described in the RCA Solid State Data
Book SC 3001.5 Micron Standard Cells, copyright 1987
by RCA Corp.) to a processor 120 via a bus 122, as
shown. Alternatively, the digitized signals can be cou-
pled directly to the processor 120 from the A/D con-
verters.

The input module aiso couples the voltage measure-
ment values Vmag, Vmb, Vme from the invertier 14 to
respective summing circuits 124, 126, 128, along with
the negative DC source voltage measurement signal
VDCM, as shown. These summing circuits thus pro-
vide voltage measurement values (V4, Vg, V) refer-
enced to negative DC source bus 35 which are coupled
to a converter circuit 130. The converter circuit 130
converts the signals from three-phase signals (V4, Vp,
V) to two-phase signals (Vp, Vg, Vys) which are
coupled to an A/D converter 132 (e.g., a high speed, 12
bit A/D converter, model ADC80, manufactured by
Analog Devices located in Norwood, Mass.) of the
processor module 100, as shown. Alternatively, V4, Vp,
V¢ values may be coupled directly to the A/D con-
verter 132. The A/D converter 132 converts the mput
values of V4, Vg, and V¢ to digital form and couples
the digitized values to a processor 120 via a bus 134.
The positive DC wvoltage bus measurement value
VDCP from the inverter 14 is also coupled to the input
module 98 and is coupled to a summing circuit 136
along with the negative DC voltage bus value VDCN.
The summing circuit 136 generates a voltage difference
signal V, representing the actual voltage source line
voltage, which is also coupled to the A/D converter
132. The A/D converter 132 digitizes the value of V
and couples the digitized value to the processor 120, as
shown.

The processor 120 of the processor module 100 may
be a single microprocessor (e.g., a model 80960CA such
as that manufactured by Intel of Santa Clara, California)
or it may be a dual processor structure, such as illus-
trated, comprising an X processor 140 and a Y proces-
sor 142 (e.g., an Intel 80186 manufactured and marketed
by Intel Corporation of Santa Clara, California) both
coupled to a dual port random access memory (RAM)
144 (e.g., models IDT7130 and IDT 7140 such as manu-
factured by Integrated Devices Technology Of Santa
Clara, California). The processor 120 outputs signals via
the bus 122 to the standard cell 116 of the output mod-
ule 102 and communicates with external devices such as
an external processor or a display (e.g. for error mes-
sages, etc.) via a serial link 141. In addition, inputs from
a port 146 are coupled to the processor 120 from the
output card 102. The processor 120 is controlled by a
program stored in each PROM 145, 147 to process the
input values from both the output module 102 and the
input module 98 and generate output control signals
coupled on the bus 122 to the standard cell 116 to con-
trol the auto self test of the inverter-controlled motor
system 10.

The output module 102 includes a conventional opti-
cal receiver circuit 150 (e.g., model HFBR2522, manu-
factured and marketed by Hewlett Packard of Palo
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6

Alto, California) which receives the optical GTO status
feedback signals (PMAIR, etc.) from the inverter
driver module 18, and couples them in electrical form to
a logic buffer circuit 160 via a bus 152. These signals are
also coupled to the processor 120 via the port 146, as
shown. In addition, gate firing pulses from the standard
cell 116 are coupled to the logic buffer circuit 160 via a
bus 154. The logic circuit 160 couples gate pulses (i.e.,
gate “on” or “off” command signals) to an optical
driver 162 (e.g., model HFBR1521, marketed and man-
ufactured by Hewlett Packard of Palo Alto, California)
which generates optical gate command signals
(PMAI1S, etc.) which are coupled via the optical chan-
nel to the inverter 14. In addition, the gate command
signals from the logic buffer circuit 160 are coupled via
a bus 164 to the processor 120 via the port 146, as
shown.

In normal operation, the control logic circuit 20 gen-
erates gate command signals which are coupled to the
gate driver module 18. The microprocessor 120 of the
module 100 controls generation of gate firing pulses by
providing gate firing control signals to the standard cell
116 via the bus 122. The standard cell 116 generates gate
firing control pulses in response to the gate firing con-
trol signals from the microprocessor 120. These gate
firing control pulses are coupled to the logic buffer 160
via the bus 164 which couples gate command signals to
the optical driver 162 for transmission to the gate driver
module 18. The GTOs of the inverter 14 are then turned
on and off by the gate driver module 18 at the appropri-
ate times under the control of the gate command sig-
nals. Additionally, gate status feedback signals received
from the optical receiver 150 are coupled to the logic
buffer 160 which utilizes them to determine if the GTOs
actually switched, as commanded, in order to prevent

unwanted conditions such as having both upper and
lower GTOs turned on at the same time.

During the auto self test, the motors are stopped and
the GTOs-are turned on and off under control of the
processor 120 using the method according to the inven-
tion. The processor then analyzes the voltages and cur-
rents measured during the test sequence and generates

appropriate error messages if an abnormality is de-
tected.

FIGS. SA-5D are detailed block diagrams illustrat-
ing a specific embodiment of a program logic for the
microprocessor 120 and the methodology of the auto
test according to the invention. FIGS. 4A—-4B illustrate
the operation of the inverter tests and the associated
voltages on current versus time plots, and may be re-

terred to in conjunction with FIGS. SA-5D to appreci-
ate the invention.

Referring to FIG. 5A, the test routine is entered at
block 300, as shown, and begins with the turnoff of all
GTOs, as Hlustrated by block 302. Off commands are
sent to all six GTOs (See FIG. 2) and those commands
are verified to be off by checking the gate command
signals which are output from the logic buffer 160 and
fed back to the processor 120 via the port 146, as shown
at F1G. 3. The currents through both phase A and B are
then checked after a short delay (e.g., 1 millisecond) to
determine if they are zero, as illustrated by block 304.
The current check i1s performed by checking the values
of IMTRA, and IMTRB which have been digitized in
the A/D converters 110, 112, and coupled to the pro-
cessor 120. A small delay (e.g., 100 microseconds) after
the current check, the gate status feedback signals cou-
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pled through the optical receiver 150 are checked to
verify that all GTOs are off.
If any of the tests at blocks 302, 304 or 306 result in
detection of an abnormality, an error message 1S gener-

ated, the fault flag is set and the test proceeds normally,
as illustrated by blocks 308, 310 and 312. The error
message 1s passed from the processor 120 to an external
display or other output device via the serial link 141. If
a fault occurs, the test sequence will continue normally
for that GTO sequence. However, all subsequent test
sequences of other GTO’s will not be performed. Thus,
at block 313, the fault flag 1s checked and if set, process-
ing control branches to the end of the test routine skip-
ping all subsequent test sequences. If the fault flag 1s not
set, processing continues to block 314 as shown.

An initializing sequence to initialize the inverter cir-
cuit 14 for the auto self test begins if no fault was de-
tected with the turn-on of the lower A phase GTO 34
by generation of a turn-on command for the A phase
GTO, as illustrated by block 314. The on command and
the off commands for all other GTQOs are verified, as
illustrated by block 316, by checking the output Com-
mand signals to the optical 25 drive 162. This turn-on of
the lower A phase GTO results in the voltages V4, Vp,
and V¢ (i.e., the voltages at nodes 48, 485, and 48c¢)
dropping to zero by means of discharge of the snubber
capacitors 605 and 60c through the phase B and phase C
and then through phase A motor coils to the DC source
line through the turmed-on. GTO 34. The node voltages
V4, Vg, and Vcare then checked by the processor and
verified to be low (i.e., approximately zero) after allow-
ing enough time to permit discharge of the snubber
capacitors 605 and 60c and the charging of the snubber
capacitors 524q, 52b and 52¢, as shown by block 318. The
gate status feedback signal for the lower A phase GTO
34 is then checked to determine 1f it is on and all other
gate status feedback signals are checked to determine if
they are off, as illustrated by blocks 320 and 322 (see
FI1G. 5B). The lower A phase GTO 34 is then turned off
(i.e., an off command is generated) as illustrated by
block 324 of FIG. 5B and its gate status feedback signal
is checked to verify that the GTO 34 1s off as shown by
block 326. If any of the tests at blocks 316, 318, 320, 322,
or 326 are negative, an error message is generated, the
fault flag is set, and the test sequence then proceeds to
the next step, as illustrated by blocks 328, 330, 332, 334,
and 336. Processing continues normally until the next
fault flag text at block 338 where processing control
branches to the end if the fault flag is set.

The main test sequence of the auto self test routine
begins at block 340, if no fault was detected, with turn-
on of the upper A phase GTO 32. The phase A, B, and
C nodes 48, 485, 48¢ were made zero volts by turning on
the lower A phase GTO 34 during imitialization (see
block 314). Referring to FIG. 4A, when the. A phase
upper GTO 32 is turned on, the A phase voltage V41s
pulled to the DC positive bus voltage and the snubber
current through the phase B and phase C snubber ca-
pacitors flows through 30 the phase A mode 48 as the
phase B and phase C voltages Vg and V¢ charge up to
the DC positive bus voltage. This results 1n the voltage
versus time plots illustrated in FIG. 4A for V4, Vp, and
Vc and current versus time plots for 14, Ip, and Ic.
After the on command is generated for the upper A
phase GTO 32, the on command signals and all the
other GTO off command signals are checked to deter-
mine if they are correct, as illustrated by block 342. The
current through phase A is then checked as illustrated
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by block 344 by rapidly sampling it during a period
from zero to 300 microseconds after the command is
generated, and obtaining the peak current value (Ipg).
The peak current may also be obtained by waiting a
predetermined time after the on command is generated
and measuring the current at that time to obtain a peak
current. The peak current obtained is compared to a
reference value to determine if it is substantially equal to
the reference value, as shown by block 346. In one 15
embodiment, the reference value is given by the rela-
tionship VL.(C/L)? where V is the line voltage (e.g.,
DC+), C 1s the equivalent capacitance of the total
circuit snubber capacitance, and L is the equivalent
motor inductance. The phase A, B and C voltages (V 4,
VB, V) are then verified to be high (i.e., near the posi-
tive DC source bus voltage) as illustrated by block 348.
The gate status feedback signals are then checked to
determine if the upper A phase GTO 32 is turned on and
if all the other GTOs are off as shown by block 350 (see
F1G. 5C). The upper A phase GTO 32 is then turned off
by generating an off command signal as illustrated by
block 352 of FIG. 5C and the gate status feedback signal
is checked to verify that it is off, as illustrated by block
354. If there are any abnormalities indicated by a nega-
tive result at blocks 342, 346, 348, 350 or 354, an error
message 15 generated, the fault flag 1s set, and the test
sequence proceeds to the next step, as illustrated by
blocks 356, 358, 360, 362, or 364. Processing continues
until the fault flag test at block 368 where processing
control branches to the end if the fault flag is set.

The next sequence of the auto self test begins, if no
fault was previously detected, with the turn-on of the
lower A phase GTO 34 by generation of an on com-
mand as illustrated by block 370. Referring to FIG. 4B,
the phase A, phase B and phase C nodes 48, 48b, 48¢
were previously pulled to the positive DC bus voltage
by the previous turn-on of the upper GTO 32. Thus,
when the lower A phase GTO 34 is turned on, pulling
node 48 to the negative DC bus voltage, the snubber
current from the discharge of the phase A and phase C
snubber capacitors flows through the phase A node 48
until the phase B and phase C nodes 48b and 48¢ are
discharged to the negative DC bus voltage. This results
in the voltage versus time characteristics for V4, Vp,
and V¢ and for the current values 14, Ip, and I, as
illustrated in FIG. 4B. The gate on command for the
lower A phase GTO 34 and off commands for all other
GTO’s are verified by checking the command signals,
as shown by block 372. At blocks 374 and 376, the peak
discharge current is then measured and checked against
the reference, as described with regard to the previous
sequence at blocks 344, 346. The three-phase voltages
V 4, VB, and V care then sampled and verified to be low
(Le., approximately at the negative DC line voltage) as
illustrated by block 378. The gate status feedback sig-
nals of all GTOs are then checked to verify that the
lower A phase GTO 34 1s on and all others are off as
shown by block 380 (see FIG. SD). The lower A phase
GTO 34 off command is generated to turn off the GTO
34 and the gate status feedback for the GTO 34 is
checked to be off as illustrated by blocks 382 and 384 of
FI1G. 3D. If the result of any of the tests at blocks 372,
376, 378, 380, or 384 are negative, an error message is
generated, the fault flag is set, and the test sequence
then proceeds normally as illustrated by blocks 386,
388, 390, 392, or 394. Processing then continues nor-
mally until the next fault flag test at block 398 where
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processing control branches to the end if the fault flag is

set.
The test sequence next performs the test of phase B,
if no fault was previously detected, with the upper B

phase GTO turned on, as illustrated by block 400. This
test sequence uses the same sequence as the phase A

testing sequence for the top A phase GTO 32 turn-on, as
illustrated by blocks 340 to 364. Thus, block 400 repre-
sents the same test sequence as blocks 340 to 364 with
the exception that it is the upper B phase GTO on com-
mand that i1s generated and checked, and the I,
(IMTRB) peak current made up of phase A and phase C
snubber discharge currents which is measured and
checked. Similarly, the test sequence is completed when
the upper B phase GTO is turned off and the feedback
is checked, as illustrated by block 402, after which the
fault flag is checked at block 403 and, if set, program
control branches to the end.

The next test sequence 1s performed, if no fault was
detected, by turning the lower B phase GTO on, as
illustrated by block 404. The test sequence represented
by block 404 is the same as the test sequence for the
lower A phase GTO turn-on test sequence illustrated by
blocks 370-394, except that it 1s the lower B Phase GTO
on command that is generated and checked, and it i1s the
Ip (IMTRB) peak current which 1s measured and
checked. The test sequence for the lower B phase GTO
is completed by turning off the lower B phase GTO and
verifying the turn-off by checking the status feedback
for the lower B phase GTO, as illustrated by block 406.
The fault flag is then checked at block 407 and, if set,
program control branches to the end of the routine.

An upper C phase GTO turn-on test sequence 1s next
performed, if no fault was previously detected, as illus-
trated by block 408 using the same test sequence as that
described for the turn-on of the upper A phase GTO 32
described at blocks 340 to 364. This test sequence varies
from that for the upper A phase and upper B phase
GTO turn-on test in that it is the upper C phase GTO on
command that is generated and checked and 1t is I¢
(IMTRC) or the sum of Ip IMTRB) and 14 (IMTRA)
peak current which is measured and checked. The
upper C phase GTO on test is terminated by turning off
the GTO and veritying that it 1s off by checking the
status feedback signal, as illusirated at block 410. The
fault flag is then checked at block 411 and, if set, pro-
gram control branches to the end of the routine. Next,

the lower C phase GTO turn-on test sequence is petr-
formed 1if no fault was detected, as illustrated at block
412, which is substantially the same sequence as de-
scribed for the lower A phase GTO as illustrated at
blocks 370 to 394. The test sequence of block 412 differs
from the test sequence for the lower A phase GTO 34 in
that 1t is the lower C phase GTO on command that is
generated and checked and it 1s the Ic (IMTRC) or the
sum of I4 (IMTRA) and 13 (IMTRB) peak current val-
ues which are measured and checked. The test sequence
is ended by turning off the lower C phase GTO and
verifying the status feedback signal to ensure that the
GTO is turned off. The test sequence 1s thus completed,
as illustrated by block 416.

The system described thus far is useful in verifying
operation of the GTO devices. However, another type
of fault which may occur in a power inverter is a short-
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short-circuit condition exists at he time power is applied
to the inverter, subsequent gating of one of the switch-
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ing devices into conduction may connect that device
essentially between the positive and negative power
busses and result in device destruction. Such a short-cir-
cuit condition may be caused through failure of a GTO
or diode or an insulation breakdown in electrical ca-
bling or in the motor load.

The present invention adds further testing which is
performed prior to the above described testing to avoid
a potential short-circuit problem in the power inverter
circuit of FIG. 2 by applying voltage to voltage busses
33 and 35 with all the GTO devices 32, 34 turned off in
each phase 25, 27 and 29. With the devices turned off,
the voltage at each point 484, 48b, 48¢ should be approx-
imately one-half the value of the voltage between the
busses 33, 35, assuming the snubber capacitors Cs
(52,60) are of equal value. The voltage at 48 is read by
the CPU 100 from the voltage measuring modules
(VAMs) 50. The CPU 100 reads this voltage before the
loading on points 48, due either to the VAMs or to
leakage paths through the load, can discharge the volt-
age at the phases. Further, the voltage is desirably read
after the capacitors Cs have had time to charge so as to
avold questionable readings during charging.

If any one of the phases, i.e., points 48, is shorted to
ground, 1.e., bus 35, the voltage at that point 48 will be
approximately zero volts (or such other voltage as is
present on bus 35). Similarly, if any point 48 is shorted
to bus 33, the voltage at point 48 will be approximately
the voltage at bus 33.

Referring to FIG. 6, there are shown graphs of the
voltage V pcon the bus 33 and the voitages V4, Vg, V
at each point 48 of each phase of the inverter of FIG. 2.
The 1nitial time period indicated at T¢ represents the
charge time of the system as voltage is applied. The
time indicated at Tg represents a valid measurement
time interval, i.e., a time interval during which the volt-
age at point 48 should be approximately one-half the

voltage V pc. The voltage at points 48 continues to drop
after the interval Ty due to loading of the measurement
devices 50 and the loads, e.g., motor 12. Thus, if the
voltage at points 48 during time interval Ty is equal to
about one-half Vpc, the inverter does not exhibit a
short-circuit and the above described testing of device
operation can begin.

A program for implementing the initial short-circuit
test 1s easily implemented in CPU 100 and requires only
a timing function beginning with application of power
to busses 33., 35 and a time-out occurring during inter-
val Ty, followed by comparison of each measured volt-
age from VAMs 50 to a predetermined i V pcreference.
A difference greater than a preselected maximum abso-
lute value would indicate a shorted condition and be
used to inhibit inverter operation. Alternately, the mea-
sured voltage at points 48 may be compared to the
voltage at each bus 33, 35 and a failure indicated if the
measured voltage is substantially equal to either bus
voltage.

Specific embodiments of the novel method and appa-
ratus for auto self test of an AC motor system have been
described for the purpose of illustrating the manner in
which the invention may be made and used. It should be
understood that implementation of other variations and
modifications of the invention in its various aspects will
be apparent to those skilled in the art and that the inven-
tion is not limited by specific embodiments described. It
is therefore contemplated to cover by the present inven-
tion any and all modifications, variations or equivalents
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that fall within the true spirit and scope of the underly-
ing principals disclosed and claimed herein.

What is claimed 1is:

1. A method for testing a power inverter, said power
inverter having at least one leg connected between
relatively positive and relatively negative voltage bus-
ses, each leg having first and second series connected
controllable switching devices each device having a
parallel connected capacitor, the method comprising
the steps of:

sampling voltage at a junction intermediate the

switching devices;
comparing the sampled voltage to each voltage pres-
ent on each respective one of the relatively positive
and relatively negative voltage busses; and

generating an indication of device failure in response
to a substantial equality between the sampled volt-
age and the voltage of either voltage bus.

2. The method of claim 1 wherein the step of sam-
pling voltage includes the further step of measuring the
voltage in a period of time substantially less than a dis-
charge time of the capacitors when discharging through
a load coupled to the inverter. |

3. The method of claim 2 wherein the load is a three-
phase motor and the inverter includes at least three legs,
the step of sampling including the steps of sampling
voltage in each leg for comparison to each bus voltage.

4. A power inverter system including:

an inverter having at least three legs for providing

three phases of output power, each leg including a
pair of controllable switching devices serially cou-
pled between relatively positive and relatively
negative voltage busses, each switching device
being coupled in parallel with a corresponding
~ capacitor and each capacitor having a substantially
identical capacitance, each junction intermediate
each serially connected pair of switching devices
being coupled to a respective power input terminal
of a three phase AC electric traction motor;
control means operatively coupled to said switching
devices of the inverter for providing signals for
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selectively switching the switching devices be-
tween conductive and non-conductive states: and

voltage measuring means coupled to each of said
junctions for determining the voltage at each of
said functions prior to providing the switching
signals, wherein

the voltage measuring means is electrically coupled

to the control means, and

the control means is responsive to the voltage mea-

suring means for inhibiting starting of the switch-
ing signals when the determined voltage is substan-
tially equal to either of the voltages of the positive
and negative voltage busses.

5. A method of pre-operation testing for a short-cir-
cuit condition in an electric power inverter having a
plurality of phase legs connected in parallel circuit ar-
rangement between a pair of relatively positive and
relatively negative voltage busses, each of the legs in-
cluding at least one pair of serially connected gate turn-
off devices, each of the devices being connected in
parallel with a corresponding snubber capacitor, the
method comprising the steps of:

applying direct current electric power to the voltage

busses;
waiting a first predetermined time interval selected to
allow a voltage intermediate each of the pair of
devices to reach a maximum normal voltage;

measuring the voltage intermediate the devices after
the first predetermined time interval and before
expiration of a second predetermined time interval
selected to preclude normal discharge of the volt-
age;

comparing the measured voltage to a preselected

reference voltage approximately equal to the maxi-
mum normal voltage for developing a voltage dif-
ference; and

inhibiting operation of the inverter if the step of com-

paring produces a voltage difference greater than a
predetermined value, thus indicating a short-circuit

condition.
%k % - * X
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